in 1999 highlights the principle of membrane biogenesis (Blobel, 2000) , as well as 37 the challenge the eukaryotic cells must overcome, that is, to exchange material, 38 including cargos and membranes, precisely and efficiently between organelles. 39
The benefit of compartmentalized cellular structures allows the cells to have 40 specialized space to execute specialized reactions efficiently, i.e., the nucleus for 41 storage and transmission of genetic information, lysosomes for recycling material, 42 mitochondria and chloroplasts for energy metabolism, endoplasmic reticulum (ER) 43 and Golgi apparatus for protein synthesis and maturation. Most if not all biological 44 reactions happen in membrane-bound organelles, and membranes not only function 45
as barriers between the cell and its external environment but also provide a physical 46 platform for various reactions (Lippincott-Schwartz, 2011; Steinman et al., 1983) . formed between ER and other membrane-bound organelles, e.g., mitochondria, 67 peroxisomes, and the plasma membrane. These reported structures play important 68 roles in lipid biogenesis (Rowland and Voeltz, 2012) , as well as the homeostasis of 69 the contacting organelles. Direct contact between ER and corresponding organelles 70 could achieve efficient material exchange inside the cell. But, how the cell efficiently 71 exchanges material with its external environment? 72
Here, we describe a tubular membrane structure that widely exists inside 73 cells, extending from the plasma membrane (PM) to the cytosol. We show that these 74 PM tubes are highly dynamic, and have unique kinetic properties. We further 75 determined how these PM tubes expedite membrane exchange between the plasma 76 membrane and contacting organelles, and how they facilitate receptor presentation. 77
Both mechanisms contribute to efficient material exchange between the internal and 78 the external environment of the cell. 79
Results

80
A widely existing tubular membrane structure inside cells 81 To visualize membrane dynamics, we labeled the plasma membrane by GFP C-82 terminally fused with a CAAX sequence from H-Ras (Homo sapiens NP_005334.1, 83 amino acid 170-189). We noticed fluorescent signal from the cell surface as well as 84 some internal structures. Interestingly, besides spheres which we believe were 85 previously reported as trafficking vesicles, GFP-CAAX labeled internal structures also 86 include tubular structures ( Figure 1A,1C) . These GFP-CAAX labeled tubular 87 membrane structure (tubes for short), are lying underneath the plasma membrane, 88 spanning from one side of a cell to the other side, or from the center to the edge of a 89 cell ( Figure 1A-1D ). In addition, the tubes were observed in cells with the plasma 90 membrane labeled by fluorescent proteins fused with tetraspanin family proteins 91 (CD9 in Figure 4A ). We showed that the plasma membrane inward tubulated into the cell, and maintained 219 openings on the plasma membrane. We were curious where the other ends of these 220 tubes reside. Using a panel of well-characterized markers for intracellular organelles, 221
we performed colocalization analysis. Although small portions of Rab5a/Rab5b 222 positive early endosomes aligned along the tunnels, we failed to detect any 223 connection between the ends of PM tubes with autophagosomes, peroxisomes, 224 lysosomes, early or late endosomes ( Figure 4G ). 225 9/45 (Ver.10)
The Golgi apparatus processes and packages cargos into vesicles before 226 delivering them to their targets. If the tubes involved in delivering cargos, it is likely 227 that they cease at the Golgi apparatus. We labeled the Golgi apparatus either by 228 expressing GFP fused with Golgi residing proteins (β1,4-galactosidase, 229 sialyltransferase; data not shown), or by immunofluorescence using an antibody 230 against GM130 (cis-Golgi marker). In cells with both the tubes and the Golgi labeled, 231 the intracellular ends of the tubes somewhat overlapped with the Golgi. However, 232 using dual-color live-cell imaging, we could not ascertain whether or not the tubes 233 protruding from the plasma membrane interact with the Golgi apparatus. 234
To confirm the potentially transient interaction between the Golgi and PM 235 tubes, we employed the SunTag fluorescence tagging strategy (Tanenbaum et al., 236 2014; Yao et al., 2017) . In cells only expressing GCN4-sfGFP-GB1-CAAX 237 ( SunTag CAAX, GCN4 is a single-chain variable fragment antibody against V4 peptide), 238 both the plasma membrane and the tubes, as well as trafficking vesicles, were 239 labeled by GFP-CAAX. In control cells expressing GCN4-sfGFP-GB1 ( SunTag cyto) and 240 an array of 10 copies of V4 peptide fused with sialyltransferase (SiT-10xV4), 241 fluorescence was cytoplasmic and no membranous structure was labeled (data not 242 shown), consistent with the finding that 10xV4 part of SiT-10xV4 is non-cytoplasmic. 243
Interestingly, in cells expressing
SunTag CAAX and SiT-10xV4, neither the plasma 244 membrane nor most of the tubes were labeled, but the Golgi was labeled. It seemed 245 that the SunTag CAAX signal was sequestered in the Golgi apparatus. Notably, the 246
SunTag part of
SunTag CAAX is cytoplasmic as of SunTag cyto, with the difference that 247 SunTag CAAX resides on the plasma membrane, or on the cytosolic surface of ER and 248
Golgi during its maturation (Apolloni et al., 2000; Choy et al., 1999) . These data 249 suggested that the plasma membrane continuously has transient interaction with the 250
Golgi apparatus through the tubes, and this interaction provides membrane continuity 251 and must surpass the topological barrier. Enlightened by the shortcut that the cell has taken to form the ER-PM contact sites, 345
we wondered whether the PM tubes were the preferred plasma membrane 346 subdomains where receptors were being targeted for presentation. 347
Glucose is the optimal fuel for most living cells. Uptake of glucose into 348 mammalian cells is mediated mainly by the glucose transporters as the biological 349 membrane is impermeable to glucose. GLUT1 was the first cloned glucose 350 transporter (Mueckler et al., 1985) , and widely exists in all types of cells. Although some of the nanotubules mentioned above bear the name of "tunneling 480 nanotubules", the emphasis of membrane tunneling phenomenon proposed here is 481 not limited to the shape of the structure, but also the active process to achieve 482 membrane exchange. GGT GAAG-3 were used to obtain GB1-CAAX, and PCR products were cut by XbaI 522
and HindIII, and ligated into SunTag cyto to replace its GB1. All constructs were verified 523 by Sanger sequencing. 524 
Dextran loading assay
